Inhibitors, Photosynthetic Electron T ransport, Quinones 1.4-benzoquinones have been tested for their inhibitory activity on photosynthetic NA DP+ re duction by chloroplasts. Benzoquinones with one or two branched alkyl side chains are inhibitors of electron flow. Inhibitory activity can be highly increased if one -and even more if twohalogen substitutents are introduced into the quinone moiety. Iodine substitution yields a better inhibitor than brom ine than chlorine. A quantitative structure activity relationship according to a bilinear model, as developed by K ubinyi, w ith the lipophilicity as the only param eter could be established. So far, the structure activity relationship of halogenated benzoquinones has not been throughly in vestigated. We wish to report here on our results on the inhibitory potency of substituted quinones. In order to get an inhibitor of the DBMIB type, a 
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2,5-D ibrom o-3-m ethyl-6-isopropyl-l,4-benzoquinone (DBMIB) has been introduced by Trebst et al.
[ 1 ] as a powerful inhibitor of photosynthetic elec tron transport. It is acting as a plastoquinone an tagonist and inhibits electron flow between plasto quinone and plastocyanin. This allows studies of electron transport phenomena and photophospho rylation, which are either connected to photosystem I or photosystem II [2, 3 ] .
Besides DBMIB, several other quinones, mostly benzoquinones substituted by long alkyl side chains, and naphtoquinones are known as inhibitors of photosynthetic electron transport [2, 4 -7] and photophosphorylation in bacterical chromatophores as well [8 , 9 ] . In photosynthetic electron transport they too inhibit between the two light reactions, but their site of inhibition is not identical with and less specific than that of DBM IB, but closer to the re ducing site of photosystem II [6 , 7 ] . Furthermore, their inhibitory activity is about a hundredfold less as compared to DBMIB [2, 4 -7 ] .
So far, the structure activity relationship of halogenated benzoquinones has not been throughly in vestigated. We wish to report here on our results on the inhibitory potency of substituted quinones. In order to get an inhibitor of the DBMIB type, a Reduction of the tetrahalogen-l,4-benzoquinones 4 a -4 d to the corresponding hydroquinones was performed by catalytic hydrogenation in acetone with palladium/charcoal or platinum as catalyst.
Synthesis of the quinones listed in Table I, 1 -4  and the compounds from Table II as far as they are known in literature, was carried out according to the references given therein. Identity and purity of the compounds synthesized were checked by melt ing point, elementary analysis, NMR-spectra, and gaschromatography (Varian Aerograph, series 1400, column 5 ft, l / 4 r, 5% silicon SE-30 on Chromo sorb WAW DMCS 6 0 /8 0 , connected to an inte grator, model 4 7 7 ).
For the follow ing quinones, new synthetic proce dures have been developed or they have been syn thesized for the first time. 
2.5-D ibrom

D etermination of p i ^-values
Results
The quinones, which are either com mercially available or have been synthesized, were tested for their inhibitory activity on photosynthetic N A D P +-reduction. Their inhibitory potency is compared for elucidation of the basic structural element for inhibitory activity. This acceptor property is true for the quinones listed in Table I . 1, but in addition they are also inhibitors. This can be seen from the data in Fig.   1 A. After addition of 5 x 10-5 M 2-ZerJ-butyl-l,4-benzoquinone ( l e ) , photosynthetic N A D P + reduc tion not only stops, but the NADPH formed upon previous illumination is slowly reoxidized by the quinone, which gets reduced to the hydroquinone. Upon further illumination the quinone as artificial acceptors gets preferentially reduced by the chloro plasts at an inhibited rate, because it acts as its own inhibitor. When the quinone is reduced com pletely, N A D P + reduction starts again but at a rate which is lower than the control, i. e. inhibited by 77% as compared to the original rate. Because the acceptor property of the quinone may obscure in hibitory activity, the quinones from Table I . 1 which may act as acceptors have been tested as hydroquinones. In this case no side reactions take place and the inhibited rate of photosynthetic N A D P + re duction is observed immediately after addition of the hydroquinone (Fig. 1 B ) .
Influence of the alkyl substitution on in h ibitory activity
In the following tables, besides p l50-values also hydrophobic parameters, calculated p l50-values and differences between experimental and calculated p l50-values are listed. These values will be needed for a quantitative structure activity relationship, which will be discussed later on. As can be seen from the p l50-values in Table 1 
Influence o f the halogen su b stitu tio n on in h ib ito ry a c itiv ity
Halogensubstitution of the alkyl-1,4-benzoquinones from Table 1 .1 in general leads to a drastic in crease in inhibitory activity (Table I, A bulky alkyl substitutent, however, has to be directly attached to a carbon atom of the quinone. If it is linked via a ether or amine linkage, a qui none with only poor inhibitory activity results
(Table 1.4, compounds 4 f -4 h ) .
Like the alkyl substituent, the nature and number of halogen atoms at the quinone play an important role for inhibitory activity. As can be seen from Table 1 .1, a thymoquinone, substituted by one bro mine only (2 e ) , is a relatively poor inhibitor; in troduction of a second bromine (to give DBMIB 2 g) increases activity more than hundredfold. The same increase in activity is observed in case of the ferJ-butyl-benzoquinones (Table 1 . 2 ), where the monobromo compound 3 a is less active than the corresponding dibromo compound 3 c. The same is true for the monochloro compound 3 f and the dichloro compound 3 g. Furthermore, there exists a dependency of activity on the nature of the halogen. As can be seen in Table 1 
O ther influences on in hibitory activity
It makes no difference in inhibition of electron transport, if DBMIB (2 g) or its reduced form
(hydroquinone) 5 a (Table II) 
D iscussion
In order to get insight into the structural element necessary for inhibitory activity, structural aspects will be first discussed in a qualitative manner. The results indicate the follow ing qualitative structure activity relationship features required for an inhi bitor of the DBMIB type. A 1,4-benzoquinone with one or more bulky alkyl substitutents already yields an active inhibitor. Introduction of one or more halogen substitutents increases activity drastically as compared to the parent alkyl compound. 1,4-benzoquinones substituted by two halogens are more active than those with only one and iodination is better than bromination which again is better than chlorination.
A quantitative structure activity relationship (QSAR) is possible when sufficient data and enough compounds are available and the site of inhibition for all com pounds is identical. QSAR plays an im portant role for biologically active molecules, espe cially in drug design [ 
In ( As already pointed out, some of the quinones tested do not exhibit a TMPD bypass. This might indicate an inhibition site closer to the reducing site of photosystem II, as already shown for some other quinones [6 ] . Surprisingly, these quinones nevertheless fit well into the QSAR. This might lead to the conclusion, that although the inhibition sites are different the lipophilicity requirements for both sites are very similar.
We are, however, as yet unable to explain why a few quinones differ in more than 1 
